Objective: To investigate whether occupational social class and area deprivation are independently associated with the prevalence of cardiovascular disease (CVD) conditions after adjustment for smoking status. Design: Stratified multistage random sample analysed using multilevel logistic regression. Participants: 8804 adults aged 18-74 at time of interview in 1998-1999, clustered in 312 small areas. The outcome considered was a self report of doctor diagnosis of one of a number of CVD conditions. The survey also provided information concerning the respondent's occupational social class and current smoking status. The Carstairs score (based on the 1991 census) was used to describe small area deprivation.
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Main results: The gradient in CVD prevalence across individual social class was attenuated and became insignificant when area deprivation was considered. The aggregation of individual social class and smoking to the area level increased the correlation with disease prevalence at the individual level. Conclusions: Although there is a relation between socioeconomic status and CVD prevalence in Scotland, the relation is dominated by area deprivation. When externally validated deprivation measures are not available, aggregated individual characteristics may show a contextual (as compared with compositional) relation. P eoples' health is patterned by individual socioeconomic circumstances and by those of the area of residence. There remains some debate, however, as to the extent to which the features of the local social and physical environments in themselves have an impact on the health of individual residents 1 and the extent to which the adverse health outcomes experienced by certain communities merely reflect the concentration of people with adverse socioeconomic characteristics or high levels of risk factors. 2 Incidence of and mortality from cardiovascular disease (CVD) or coronary heart disease have been shown to be linked to individual social status (as measured by occupational social class, [3] [4] [5] [6] education, 4-8 employment status, [4] [5] [6] and income 9 ) and individual risk factors including smoking. 3 10 Studies that have looked for variation between areas have tended to find it after adjustment for individual socioeconomic status and risk factors; some have ascribed this to area level socioeconomic status (as measured by composite measures of area deprivation, 4-6 8 9 income, 7 and social capital 7 11 ) while others have just reported the existence of area variation. 3 Prevalence of the same diseases is also linked to individual socioeconomic status and individual risk factors. [12] [13] [14] These studies again found evidence of geographical variation and those that looked for it found an effect of area socioeconomic status independent of the individual characteristics. [12] [13] [14] [15] Research specifically focusing on the prevalence of cardiovascular risk factors has described geographical variations in blood pressure or hypertension, [16] [17] [18] total serum cholesterol, 16 alcohol consumption, 16 body mass index, 17 19 physical activity or sedenterism, 17 19 and smoking. 17 19 Two studies have shown associations at the area level (of neighbourhood deprivation 19 and income inequality 17 ) independent of individual socioeconomic status.
This paper examines whether individual social class and area deprivation are independently associated with the prevalence of CVD conditions-important risk factors both for subsequent mortality and for the use of health services. It has been shown that failure to adjust sufficiently for different measures of socioeconomic position can lead to misleading estimates of an exposure such as smoking. 20 This study adjusts for smoking status as an important risk factor for CVD to ensure that individual or area socioeconomic differences do not simply reflect differences in smoking. Given that there is a relation between the socioeconomic characteristics of an area and the prevalence of CVD diseases, this paper considers whether area aggregates of individual risk factors for disease-both social risk factors (occupational social class) and behavioural risk factors (current smoking status)-obtained from the study respondents are also related to disease. If so, is this relation additional to the relation at the individual level?
METHODS

Data
The data are taken from the 1998 Scottish health survey, 21 a combined health interview survey and health examination survey conducted between April 1998 and May 1999 and designed to provide ''a nationally representative sample of the population of Scotland … living in private households''. 22 The survey design was a stratified, multistage random sample; interviews were conducted with 9047 people aged between 16 and 74 years from 312 small areas (postcode sectors: approximate population 5000). The sample design ensured that these areas covered the whole country geographically and the sample was stratified by the Carstairs deprivation index. 23 The sampling unit was the household and one person aged 16-74 was randomly selected from each household to participate in the survey; an interview was obtained from 77% of the eligible households. Of the 8842 adults aged 18-74, smoking status was missing for 26 cases (0.14%) and the presence of CVD for 12 (0.29%); excluding these cases left 8804 people.
The interviewer asked the respondent whether they had ever been told by the doctor that they had any of the following CVD conditions: heart murmur (excluding while pregnant), diabetes (excluding while pregnant), high blood pressure (excluding while pregnant), angina, heart attack, irregular heart rhythm, other heart condition, or stroke. The dependent variable analysed was the presence of one or more CVD conditions. Social class and smoking were used as individual risk factors; the former was based on the registrar general's classification of occupation, and grouped into high social class (I/II: professional and managerial), intermediate (IIINM and IIIM: skilled workers), and low (IV/V/missing: semiskilled and unskilled manual workers and missing). Smoking was categorised as never smoked, light smokers (,10 cigarettes per day), moderate (10, 20) and heavy (20+) smokers as well as former smokers. The Carstairs score-an index comprising male unemployment, social class, overcrowding, and lack of car ownership based on the 1991 census-was used as an indicator of material deprivation at the area level. 24 25 Analysis Multilevel modelling using Markov chain Monte Carlo as implemented by the statistical package MLwiN 26 took account of the hierarchical data structure imposed through the multistage sample design. 27 Multilevel logistic regression was used to estimate the associations between the prevalence of CVD conditions and individual social class, area deprivation, and smoking, both independently and simultaneously adjusting for the other risk factors. All models were adjusted for age and sex. Inferences were drawn from chains of length 25 000 after a burn-in of 5000; the results presented are the mean and 95% confidence intervals from the posterior distribution. The significance of risk factors was determined by considering whether the estimated odds ratios differ significantly from 1, and models were compared using the deviance information criterion (DIC). 28 To assess whether the discriminatory effect of the Carstairs score could be attributed to its being a continuous score (as compared with the three categories used for social class), the Carstairs score was also categorised into three groups-most deprived, mid-deprived, and least deprived-such that about one third of the survey population was in each group. The importance of context was assessed further by aggregating the individual risk factors from the survey data-social class and smoking-to the area level. Area level social class was measured by the difference between the proportion of study respondents in each area in low and high social classes. This measure was chosen in preference to the alternative measure of the proportion of the population in the low social class because it is able to distinguish between areas with the same proportion of the population in the low social class but different proportions in the high (and mid) class. The difference is highly correlated with the proportion in the low social class (r = 0.90). Area level smoking took individual current smoking levels into account; the score was the average for an area with light smokers coded 1, moderate smokers 2, heavy smokers 3, and never smokers or former smokers coded 0. Table 1 describes the crude and age standardised prevalence of each condition together with the prevalence of any of the conditions for men and women. At least one condition was present in 28% of men and 27% of women. The largest single contributing group was high blood pressure, reported by 20% of men and 19% of women; excluding this would reduce the prevalence of one or more of the remaining conditions to 16% and 14% respectively. Table 2 shows a simple summary of the covariates among those with and without CVD conditions. Those with one or more conditions are likely to be older (mean age 55 compared with 43 for those with no conditions) and are more likely to be former smokers (32% v 22%). They are also more likely to come from the most deprived areas, but the other (unadjusted) variables show little signs of any association. Table 3 presents the results of the modelling as odds ratios together with 95% confidence intervals. Model A describes the null model (adjusted for just age and sex). The DIC is used to compare models; a lower value suggests a better model (having taken into account the effective number of parameters in the model). 28 The variance between areas is on the log odds ratio scale and therefore difficult to interpret. Assuming a threshold model, a variance of 0.035 implies an intraclass correlation coefficient of 0.011. 29 This means that, having adjusted for age and sex, just over 1% of the differences in the prevalence of CVD conditions is attributable to differences between areas. Alternatively, this variance corresponds to a median odds ratio (MOR) of 1.20. 30 (The MOR is the median of the odds ratios due to area of residence obtained when comparing two individuals with identical characteristics from two different randomly chosen areas. As an odds ratio the MOR can be compared with any other odds ratios in table 3.) Models B and C add individual social class and smoking status in separate models. There is a group.bmj.com on January 28, 2018 -Published by http://jech.bmj.com/ Downloaded from slight increase in the odds of CVD conditions across social classes and increased risk among former smokers relative to non-smokers. Model D shows a sharply increasing risk with increasing area deprivation; the DIC suggests substantially improved fit and the Carstairs score seems to explain about half of the variance between areas. The odds ratio of 1.04 (95% CI 1.02 to 1.06) corresponds to a unit increase in the Carstairs score. The interquartile (IQ) range of the Carstairs score for the 312 areas in this sample was 4.11 so the odds associated with living in an area at the 75th centile for deprivation were about 18% higher than an area at the 25th centile (OR = 1.18, 95% CI 1.10 to 1.26).
RESULTS
Model E adjusts for individual social class and smoking status and area deprivation simultaneously. The effect of individual social class is attenuated by the addition of area deprivation, while the odds of CVD conditions remain higher among former smokers compared with never smokers. A comparison of the DIC with model D shows that the addition of individual social class and smoking status does not improve the model containing area deprivation only. When the Carstairs score is categorised in nodel F a clear gradient is apparent across deprivation tertiles. Although the fit of the model is not as good as for the continuous Carstairs scores (model D), it still represents an improvement over the models containing the individual risk factors (models B and C). Once again the fit of the model containing the categorised deprivation score is not improved by the addition of the individual risk factors (results not shown).
The aggregated social class and smoking scores are strongly positively correlated with each other (r = 0.59) and with the deprivation score (r = 0.69 and r = 0.70 respectively). Each shows improved fit over the respective individual measure (models G and H). The odds of CVD conditions increase as the difference between the proportion of low and high social class increases and as the area smoking score increases. The odds ratios of 1.59 and 1.46 in models G and H respectively correspond to unit changes in these area variables. The IQ ranges were 0.34 for area social class and 0.45 for area smoking. An increase in the difference between the proportion of people of low and high social class of 34% would equate to an odds ratio of 1.17 (95% CI 1.09 to 1.26 ). An increase in the area smoking score of 0.45-equivalent to an area having 45% more light smokers (or 15% more heavy smokers)-gives an odds ratio of 1.18 (95% CI 1.09 to 1.28). Neither of these aggregated scores has as strong a relation with CVD conditions as the area deprivation score, and the effects of both are attenuated when area deprivation is included (results not shown). For both models G and H the addition of the individual risk factors does not improve the model fit (results not shown). Similar results were obtained using the proportion of the population with low social class as the area social class measure (results not shown).
DISCUSSION
This paper has investigated the prevalence of CVD conditions and not the incidence of CVD (or of the conditions). As such the relation with individual and area risk factors may be complicated. While smoking increases the risk of developing CVD 3 10 this refers to incidence; the higher rate of prevalent conditions among former smokers seen in this paper is indicative of the tendency to give up smoking after the onset of disease. Similarly, it is possible that disease incidence leads to downward social mobility and that this in part explains the higher prevalence rates among lower social classes. Similar mechanisms may be at work at an area level; those with CVD conditions may move (out of choice or necessity) to more deprived areas, resulting in higher prevalence in these areas.
The limitations of research based on prevalence notwithstanding, there remains a question as to why area measures should be more closely related to CVD conditions than known individual risk factors. It may be a genuine contextual effect, prevalence being higher in more deprived areas because of a combination of higher incidence rates (caused by, for example, environmental influences) and selective migration. Alternatively it is possible that the relative deprivation of the area of residence is a better socioeconomic descriptor of a person than occupational social class. This might explain why the aggregated social class measure is a better predictor of the prevalence of CVD conditions than individual social class; clearly the concentration of manual social classes (and the deficit of professional classes) will be higher in more deprived areas. This results in the prevalence of CVD conditions having a lower correlation with a person's social class than with the social class of their neighbours. Or it may be that the level of deprivation of the area of residence is a marker for risk accumulated throughout the lifecourse-the direct and indirect consequences of deprivation in earlier life as well as an accumulation of social circumstances. 13 31 Although there is no dose-response relation between current smoking and the prevalence of CVD conditions, at an area level there is a positive correlation; people living in areas in which more people smoke, and smoke more heavily, are more likely to have a CVD condition. This is another example where the aggregated characteristics of neighbours are more informative than those of the person. The reason for this is again likely to be the correlation between the individual measure and area deprivation; in deprived areas more people are likely to smoke and to smoke more heavily. So there may be a difference in meaning (and interpretation) between an individual measure and its aggregated counterpart.
The fact that the relation between the outcome and an aggregated (area level) variable may be stronger than that with the individual variable is worth further consideration for those involved in the analysis of survey data. Even in the Table 3 Parameter estimates for models containing individual social class and smoking, area deprivation, and social class and smoking aggregated to the area level (n = 8804) 
Policy implications
The strong association of poor health with area deprivation means that interventions may be more successful if their targets are based on area rather than individual characteristics absence of an external measure of deprivation-such as the Carstairs score as used in this paper-the aggregation of individual characteristics or risk factors may create important information about the context even with comparatively few observations per area.
